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S i x t h  Q u a r t e r l y  S t a t u s  Repor t  

on 

E L E C T R O L Y T I C  P R O D U C T I O N  OF OXYGEN AND R E D U C T I O N  OF CARBON D I O X I D E  

by  

C.A.  P a l l a d i n o  and R.E ,  S h e a r e r  

I N T R O D U C T I O N  

Work d u r i n g  t h e  s i x t h  q u a r t e r  i n v o l v e d  s t u d y  o f  t h e  e f f e c t  
of  h i g h  C 0 2  p r e s s u r e s , o f  new c a t h o d e  m a t e r i a l s , o f  c o n t i n u o u s l y  
formed d r y  amalgams, of r e d u c t i o n  p r o m o t e r s  and of ion -exchange  
membranes upon t h e  c a t h o d i c  r e d u c t i o n  o f  C02 i n  s e v e r a l  p r o -  
m i s i n g  c e l l  c o m b i n a t i o n s ,  Coulombic e f f i c i e n c i e s  were a l s o  
measured  f o r  s e v e r a l  p r o m i s i n g  c e l l  c o m b i n a t i o n s  i n  p r o d u c t i o n  
o f  f o r m i c  a c i d .  

EXPERIMENTAL PROCEDURES AND RESlJLTS 

T a b l e  1 i s  a summary o f  t h e  c o n d i t i o n s  and r e s u l t s  of t h e  
e x p e r i m e n t s  c o n d u c t e d  d u r i n g  t h i s  r e p o r t  p e r i o d .  A d e t a i l e d  
d i s c u s s i o n  f o l l o w s  below.  

High P r e s s u r e  Cel l s  

S i n c e  r e d u c t i o n  of  CO t o  f o r m i c  a c i  t 50  a t m o s p h e r e s  C 0 2  
h a s  been  r e p o r t e d  a t  an e f  1 i c i e n c y  of 9 0 %  s u c h  a p r o c e d u r e  
was f o l l o w e d  t o  s e e  i f  good y i e l d s  of f o r m i c  a c i d  m i g h t  g i v e  r i s e  
t o  f u r t h e r  r e d u c t i o n  t o  fo rma ldehyde ,  A p r e s s u r e  c e l l  was con-  
s t r u c t e d  from 2 i n ,  d i a m e t e r  s t a i n l e s s  s t e e l  p i p e  f o r  r u n s  185 
t o  187.  A one l i t e r  a u t o c l a v e  was a d a p t e d  f o r  f u r t h e r  p r e s s u r e  
e x p e r i m e n t s  f o r  r u n s  192 ,  192A, 2 0 2  and 203.  

The s t e e l  p i p e  p r e s s u r e  c e l l  was l i n e d  w i t h  a p o l y e t h y l e n e  
cup., Mercury,  u s e d  as t h e  c a t h o d e ,  was p l a c e d  i n  t h e  bo t tom o f  
t h e  p l a s t i c  l i n e r ,  
The c a t h o d e  c o n n e c t i o n  was made by a T e f l o n  i n s u l a t e d  p l a t i n u m -  
t i p p e d  wire t h r o u g h  a Conax f i t t i n g  on t h e  c e l l  cup.  The  anode  
was a c o i l e d  p l a t i n u m  w i r e  i n s i d e  a 1 / 2  i n ,  T e f l o n  t u b e  t h a t  was 
i n s i d e  a small  p l a s t i c  cup  f l o a t i n g  on t h e  mercu ry  c a t h o d e  s u r -  
face .  The e l e c t r o l y t e  was a t  a l e v e l  two i n ,  from t h e  t o p  o f  t h e  
c e l l ,  

T h i s  gave an e f f e c t i v e  c a t h o d e  a r e a  o f  8.8 cm2. 

( 1 )  F i sche r ,  F. and P r z i z a ,  0. - -  Ber. 4 7  ( p t  1 )  256  (1914) .  
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TABLE I - SUFIMARY OF E X P E R I M E N T A L  f1ESULTS 



Anolyte  - 
Li2S04 

5 2  ti so 
S a t .  i 2 ~ 8 4  

5% H SO 
s a t .  K 2 ~ b 4  

S a t  .K2S04 

1% H2SO4 
K2S04 

S a t  .K2S04 

S a t .  K2S04 

S a t .  K2S0i 

Sat.LizSO4 

2t!Cysn4 

S a t  .K2S04 

S a t  . K2S04 

S a t  .K2S04 

Diaphragm Cathode  C a t h o l y t e  T i m e  
( h r s )  - - 

Type of C e l l  Dimensions Anode 

- - 
P t .  wire 
c o i l  

P t .  s h e e t  

P t .  s h e e t  

P t .  wire 

P t .  w i re  

P t .  wire 

P t .  s h e e t  

P t .  s h e e t  

P t .  s h e e t  

P t .  s h e e t  

P t .  w i r e  

P t .  wire 

P t .  w i r e  

Run 

- - 
182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

192A 

193 

B a t t e r y  J a r  5" d iame te r  Porous  b a t t e r y  
CUP 

Mer cur y L i  S O  16 
CO: flow t h r o u g h  23 
d r y  c a t h o d e  s e c t i o n  

4 1/2 
2 1  
28 
49 
5 1  
63 

7 
23 I/2 

4 
7 I/2 

3 

6 

4 3/4 
19 1/4  
27 114 
49  1/2 

2 
15 

2 
5 

29 
10 9 

2 
11 
2 4  

10 5 

0 

3 I/2 
10 1 / 2  
17 I / 2  
23 
28 

15 

K2S04 Smal l  H - c e l l  4" c e n t e r s  Alundum cup K amalgam 
C02  bubbled  
th rough  wet 
K-tlg 

Large H-ce l l  5" cen t  e r s Alundum cup Mercury 
C 0 2  bubbled  
th rough  Hg 

Mercury 

K2S04 

Sat.K2S04 

1% H2S04 
K2S04 

S a t .  K2S04 

S a t .  K2S04 

S t e e l  p r e s s u r e  
50 a tms  C 0 2  

S t e e l  p r e s s u r e  
50  a tms  C 0 2  

2" pipe  

2" pipe  

Hone 

None Mercury 

S t e e l  p r e s s u r e  
50  a tms  C 0 2  

2 "  G l a s s  P ipe  

2" pipe  

8" c e n t e r s  

Mercury None 

Ion  Exchange 
Membrane ( I )  

K-116 
C 0 2  bubbled  
t h r o u g h  K-llg 

2" G l a s s  P ipe  8" c e n t e r s  Ion  Exchange 
Membrane ( I )  

Alundum cup 

5 % .  HCOOH 
K2S04 

S a t .  Li2SO4 

K-Hg 
C 0 2  bubbled  
th rough  K-Hg 

Smal l  H - c e l l  .4" c e n t e r s  Mercury 
C 0 2  bubb led  
t h r o u g h  Hg 

Large H-cell 5 " cen t  e r s Alundum cup Mercury 
C 0 2  bubbled  
th rough  Hg 

S a t .  Li2S04 

Autoc lave  
50 a tms  C02 

Autoclave  
50 atms C 0 2  

1 l i t e r  
Autoclave 

1 l i t e r  
Autoclave 

Alundum cup 

Alundum cup 

Mercury 
CO2 50 a tms  

Mer c u r  y 
C 0 2  50 a tms  

S a t .  K2S04 

S a t .  K2S(?4 

Autoc lave  
50 a tms  CO2 

1 l i t e r  
Autoclave 

S a t .  K2S04 Alundum cup Amalgamated 
Zinc  

* = cumula t ive  time 
I - c a t i o n  exchange  membrane IONAC MC 3142 
p~ 1 p u l s a t i n g  c u r r e n t ;  10 seconds  on ,  5 seconds  off 

c a t i o n  exchange  membrane Nepton CR-61 
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Amps. 

_cc - 
0 . l p  
0 . l p  

0.8 
0.5 
0 .8  
0 . 8  
1.5 
0 . 5  

0.8 
0.5 

1.0 
1.0 

0 . 5  

0.4 

0.5 
1.7 
1.7 
1.7 

1.7 
4.5 

0.2 
0.15 
0.2 
0.2 

2 
1 

1 

1 

1 . 2  
2.5 
2 .s 
2 . 2  
2 . 2  

0.1-1.0 

V o l t s  

- - 

3 . 6  
3 . 6  

35 
28  
35  
35  

2s 

29 

1 8  
18 

18 

2 1 . 5  

13 
13 
13 
1 3  

19 
19 

19 
19 
19 
19 

2 4  
2 4  

24 

s.2 

4.5  
5.5  
5 . 5  
5.7 
6.0 

Temp. T e s t s  Rcma rh s 
cas  I'hasc P r o d u c t s  Cat  ho I y t c n f go  ti i c r r ouuc t 

Ambient Cathode Cl14 ncg,CO ncg 
Ani 1) i cn t Cathode C1I4 tieg,CO neg 

W a t c r coo 1 cd 
We t c r  coo l e d  
I J a t c r  coolcd  
W a t c r c 00 I c d 
Cathodc 70°C 
W a t  e r coo 1 c d 

IVa t c r coo 1 cd 
Water c o o l e d  

Watcr c o o l e d  Cathode CI14 ncg,CO ncg  
Water c o o l e d  Cathode C114 neg,CO ncg 

Water c o o l e d  Cathodc CI14 ncg,CO ncp, 

I c e  b a t h  Catllocic Cl14ne;:, cn ncg 

Water c o o l e d  

Water c o o l c d  

Wa t c  r coo Icd  

Watcr c o o l e d  CH4 4 CO n e y .  

Water c o o l e d  (:114 6 CO neg.  
CII 2 CO ncg.  

0 . 0 4 %  co 
0 .84% CO 

0 . 0 4 %  cn 
Water coo 1 cd 

Gas c o l l c c t c d  i n  d r y  s e c t i o n  
of  cntliollc f, f l u s h e d  i n t o  
c o t h o l y t e  before  sne:plcs .  

weak pos  ,Flcnll ncg , l lCOnII veal, pos .  
wcak yos,t!c@ll  ncp,llCOOII h c a h  pos. 

ncp,FlcOli n e v ,  I I ( ~ O O I I  pos. 1 l c c t r o d c  b lcwout .  

ncg,!kOll n e g ,  I l ~ O C I l  pos .  A f t c r  4 9  1/2  h r s  a n o l y t c  
ncp.,?icOll ncg ,  II~OOII pos .  shahcd weoh p o s i t i v e  
ncp,,blcUII n c g ,  I IcOOH p o s .  t e s t  f o r  I I(OOl1. 
ncp ,Flcnil n c g ,  I l C O n l l  pos.  

E l e c t r o l y t e  puslicd i n t o  
c a t h o d c  s e c t i o n  O v e r n i g h t .  

10 c c  109 l iZSO4 acldcd 
ncg,Flcnll ncp., I l C O O l l  weah POS. t o  c a t l i o l y t c  a f t e r  
ncg ,  ticnnii  OS. 5 h r s .  
ncy.,FlcOll ncg ,  1 1 ( " N i  y o s .  

neg,lMcnll n c g ,  I ICOOII pos.  
ncg,?fc0ll neg ,  IlCClCll FOS. 

ncg,PlcOll neg ,  IICn(lll vcak pos .  Cathodc c o n t a c t  wirc 

ne~,F!c@tl  neg,llrOnll vcnh pos. 
ncg,l.:e@ll ncg,llCnnll weah  pos .  

pushed o u t  of  tlc by p r c s -  
s u r c .  

ncg,Fknll neg ,  I lCOPl l  pos.  

neG,PfcOll n e g ,  I ICOPII  FOS. Cathode brokc  o f f .  0 . 1  
amy on o v e r n i g h t  t o  
c o u n t e r  g a l v a n i c  c f f c c t .  
Ncxt mornin& c c l l  b a s  
warm and 1 amy c u r r e n t .  



Ano 1 yt e - 
Sat.Na2S04 

Sat.Na2S04 

Sat.K2S04 

Sat .K2S04 

Sat .K2S04 

Sat .K2S04 

Sat .K2S04 

Sat .K2S04 

Sat .K2S04 

Sat.KzSO4 

Sat .K;S04 

Sat .K2S04 

Sat .K2S04 

Cathode Tine. 
(hrs) - - 
4 1/2 

4 

7 
11 1/2 

5 
16 
28 

26 5 1 / 2  

46 1/2 

7 1/2 

32 

32 

2 1/2 
17 1/2 
2 4  

3 
6 
14 

92 

10 0 

10 0 

Hun 

- - 
194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

Type of Cell Dimensions Anode - 
Ni cup 

Pt.unimesh 

Pt.unimesh 

Diaphr agm 

Alundum cup 

Alundum cup 

Alundum cup 

Catholyte 

Sat.Na2SO4 

Sat.Na2S04 

Sat.Na2S04 

Nickel beaker 

Beaker 

Beaker 

-2 1/2" dia. 

2 1/2" dia. 

2 1/2" diam. 

Carbon rod 

Carbon rod 

1 " d i ame t e r 
carbon im- 
pregnated 
with Hg 

H g 2" Glass Pipe 8" cent e r s Pt. foil Ion Exchange 
Mem b r a ne 
(N) Heavy 

Alundum cup 

Sat. K2S04 

Battery jar 5" diameter Pt. foil Cd Fe mix 
3 x 6" plate 

Sat. K2S04 

Large H-cell 

Battery jar 

5" cent e r s 

5"  diameter 

Pt.unimesh 

Pt. foil 

Alundum cup 

Alundurn cup 

GI powder 
on Ag grid 

Cd Fe mix 
3 x 6" plate 
amalgamated 

Cd powder 
cn Ag grid 
amalgamation 

Sat. K2S04 

Sat. K2S04 

5" centers Pt.unimesh Alundum cup Sat. K2S04 Large H-cell 

Amalgamated 
2n 

Sat. K2SO4 Aut oc 1 ave 
50 atms C02 

1 liter 
autoclave 

1 liter 
autoclave 

Pt. wire Alundum cup 

Aut oc 1 ave 
50 atms C02 

Pt. wire Alundum cup Amalgamated Cu Sat. K2S04 

Beaker 

2" glass pipe 

3 1/2" dia. 

8" centers 

Pt.unimesh 

Pt.unimesh 

Alundum cup 

Alundum cup 

Sat. K2S04 

Sat. K SO 
20 gm 6e(i04?2. 
10 H20 per liter 

Sat. K2SO4 
10 gm cobaltic 
acetate per 
liter 

2" glass pipe 8" centers Pt. foil Alundum cup 



Amps. - 
10 

5-10 

1 
1 

1.0 
.35 
.35 

1 . 4  
1 . 4  
1 . 4  

0 .8  

1.5 

0 . 5  

1.5 
0 . 1  
1 

1 
1 
1 

2 5  

1 

1 

V o l t s  

- - 
6.5 

6-7 

3.4 
3.5 

1s 
6 
6 

6.2 
6.2 
6.2 

13  

6.2 

7.0 

4.6 
3.1 
4 . 1  

4 . 1  
4 . 1  
4 . 1  

5.3 

14.8 

12.0 

Temp. 

- - 
O i l  c o o l e d  

O i l  c o o l e d  

Ambient 
Ambient 

O i l  c o o l e d  

Water c o o l e d  

O i l  c o o l e d  

Water c o o l e d  

O i l  cooled  

Water c o o l e d  

Water coo  1 e d 

Water c o o l e d  

Water c o o l e d  

Water c o o l e d  

Tests 
Gas Phase P r o d u c t s  C a t h o l y t e  Organic  Product  

0.042 CO HCHO neg,NeOH neg,HC:O011 neg.  

0 . 0 7 8  CO HCHO neg,FleOll neg,HCOOH neg.  

Cathode CH4 & CO neg.  HCllO neg,MeOH neg,HCOOH neg.  
Cathode C1I4 & CO neg.  HCIIO neg,NeOll neg,HCOOH neg.  

0.07% CO 
0 . 0 2 I  co 
0.042 CO 
0.031 CO 
Trace  CO 

Neg. 
Neg. 
Neg . 
Neg . 
Neg. 
Neg. 

Neg. 

Nee. 

Neg. 

4 

Remarks 

Cathode g a s  c o l l e c t e d  
g a s  b u r e t .  
Cathode  g a s  c o l l e c t e d  
g a s  b u r e t .  

Osmosed i n t o  c a t h o l y t e  
( a b o u t  1 / 2  of  a n o l y t e )  

Neg . 
Neg . 

HCOOH s l .  p o s .  a n o l y t e  
and c a t h o l y t e  

HCHO neg ,  HCOOH pos .  

HCHO n e g ,  HCOOA weak pos. 

HCHO n e e ,  tlCOOli weak pos.  

in 

in 
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The T e f l o n  t u b e  t h a t  c o n t a i n e d  t h e  anode w i r e  was a t t a c h e d  
t o  a Conax f i t t i n g  t h a t  ex tended  t h r o u g h  t h e  c e l l  c a p  and i n t o  a 
s i g h t  g l a s s ,  A s  e l e c t r o l y s i s  p roceded  t h e  anode g a s  d i s p l a c e d  
t h e  e l e c t r o l y t e  i n  t h e  s i g h t  g l a s s  and s e r v e d  as  an i n d i c a t i o n  
of l i q u i d  l e v e l s .  The c a t h o d e  g a s  would c o l l e c t  above  t h e  
e l e c t r o l y t e  i n  t h e  c e l l .  T h i s  a r r a n g e m e n t  a l l o w e d  f o r  s e p a -  
r a t i o n  o f  t h e  g a s e o u s  p r o d u c t s ,  p r e s s u r e , a n d  l i q u i d  l e v e l  con-  
t r o l ,  Three  r u n s  were made i n  t h i s  c e l l  b u t  work was t e r m i n a t e d  
w i t h  t h e  s t e e l  p i p e  c e l l  when t h e  a u t o c l a v e  was r e a d y  f o r  t h e  
h i g h  p r e s s u r e  work., A s a t u r a t e d  K2S04 s o l u t i o n  a t  a mercu ry  
c a t h o d e  and a c u r r e n t  o f  1 amp f o r  1 1 - 1 / 2  h o u r s  and 0 . 4  amps 
f o r  6 h o u r s  gave  a p o s i t i v e  t e s t  f o r  f o r m i c  a c i d  i n  r u n s  185 and 
187 ,  An a c i d  e l e c t r o l y t e ,  s a t u r a t e d  K2S04 i n  1% H Z S O  
i n  r u n  186 and a f t e r  3 h o u r s  a t  0 , s  amp a p o s i t i v e  t e g t  f o r  
f o r m i c  a c i d  was o b t a i n e d ,  Q u a n t i t a t i v e  r e s u l t s  were n o t  o b -  
t a i n e d  on t h e  s t e e l  p i p e  p r e s s u r e  r u n s  b u t  some r e s u l t s  were 
o b t a i n e d  from a u t o c l a v e  r u n s  a s  n o t e d  below,, 

was u s e d  

A one l i t e r  a u t o c l a v e  was a d a p t e d  f o r  u s e  as  a p r e s s u r e  
e l e c t r o l y s i s  c e l l ,  The a u t o c l a v e  was e q u i p p e d  w i t h  a s t i r r e r  
t h a t  p r o v i d e d  a g i t a t i o n  o f  t h e  K2SO4 e l e c t r o l y t e  d u r i n g  e l e c -  
t r o l y s i s ,  Anode and c a t h o d e  c o n n e c t i o n s  were made t h r o u g h  i n -  
s u l a t e d  p a c k i n g s ,  The g a s  p h a s e s  were n o t  s e p a r a t e d  i n  t h i s  c e l l  
b u t  p r o v i s i o n s  were made f o r  s a m p l i n g ,  The a u t o c l a v e  w a s  o p e r a t e d  
a t  5 0  a t m o s p h e r e s  C 0 2  p r e s s u r e  i n  r u n s  192-193 and 2 0 2 - 2 0 3 ,  
Plfercury i n  a n  alundum cup ( c a t h o d e  a r e a  1 3 , 8  cm2) was u s e d  as 
t h e  c ~ . ~ ! ! c ? c ! P  f e r  ~ S E S  132 2nd :92A, 

An amalgamated z i n c  c a t h o d e  was t e s t e d  i n  r u n s  193 and  2 0 2  
and an amalgamated c o p p e r  c a t h o d e  was u s e d  i n  r u n  2 0 3 ,  The 
c o p p e r  and z i n c  c a t h o d e s  were formed i n t o  a ho l low c y l i n d e r  from 
shee t  metal  and  were s e t  i n s i d e  a n  alundum c u p ,  The c y l i n d r i c a l  
c a t h o d e s  were amalgamated w i t h  a 5 %  s o l u t i o n  o f  HgC12, and had 
a r e a s  of  2 3 2  cmze  

P o s i t i v e  t e s t s  f o r  f o r m i c  a c i d  and n e g a t i v e  t e s t s  f o r  f o r -  
maldehyde were o b t a i n e d  i n  a l l  b u t  r u n  2 0 2  w i t h  t h e  z i n c  c a t h o d e .  
Carbon monoxide was found i n  t h e  g a s  p h a s e  o f  a l l  t h e  a u t o c l a v e  
r u n s  e x c e p t  1 9 2 ,  Q u a n t i t a t i v e  r e s u l t s  e x p r e s s e d  a s  cou lombic  
e f f i c i e n c y  showed a n  e f f i c i e n c y  o f  1 1 , 7 %  f o r  r u n  2 0 3  w i t h  t h e  
amalgamated c o p p e r  c a t h o d e ,  0 %  w i t h  t h e  amalgamated z i n c  c a t h o d e  
and 0 , 1 6 %  a t  t h e  mercu ry  c a t h o d e ,  A compar i son  w i t h  e f f i c i e n c i e s  
o f  o t h e r  c e l l s  i s  shown i n  Tab le  11, 
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Cathode  M a t e r i a  1 s 

Cadmium and c a r b o n  were t e s t e d  as  c a t h o d e s  i n  s e v e r a l  ex-  
p e r i m e n t s ,  Cadmium was t r i e d  w i t h o u t  s u c c e s s  i n  e a r l i e r  work 
i n  r o d  form b u t  i n  r u n s  198 t o  2 0 1  t h e  cadmium u s e d  was i n  a 
d i f f e r e n t  p h y s i c a l  fo rm,  S a t u r a t e d  K2SO4 was .used as t h e  
e l e c t r o l y t e ,  For r u n  198  t h e  cadmium c a t h o d e  was a p l a t e  made 
by p r e s s i n g  a cadmium i r o n  mix i n t o  s t r i p s  o f  p e r f o r a t e d  s t e e l .  
Cadmium powder p r e s s e d  i n t o  a s i l v e r  g r i d  was used  as  t h e  c a t h o d e  
f o r  r u n  199.  These  cadmium p l a t e s  were samples  p r o v i d e d  by  t h e  
E l e c t r i c  S t o r a g e  B a t t e r y  Company,, A f t e r  t e s t i n g  t h e  p l a t e s  as  
r e c e i v e d  t h e y  were amalgamated and u s e d  i n  r u n s  200  and 2 0 1 ,  
R e s u l t s  were n e g a t i v e  f o r  t h e  cadmium c a t h o d e  e x p e r i m e n t s .  

monoxide ( 0 , 0 4 - 0 , 0 7 % )  was produced  i n  r u n s  194 and 1 9 6  w i t h  
Na2S04 a s  t h e  e l e c t r o l y t e , ,  
t h a t  a l s o  a c t e d  a s  t h e  anode ,  

Carbon was t r i e d  a s  t h e  c a t h o d e  i n  r u n s  194 t o  196.  Carbon 

The c e l l  f o r  194 was a n i c k e l  b e a k e r  

A one i n .  d i a m e t e r  ca rbon  r o d  was impregna ted  w i t h  mercury  

I t  was t h o u g h t  a h i g h  s u r -  

and u s e d  as t h e  c a t h o d e  i n  Na2S04 f o r  r u n  196 ,  
f o r c e d  i n t o  t h e  r o d  by e v a c u a t i n g  t he  r o d  i n  a p r e s s u r e  v e s s e l  
and p r e s s u r i z i n g  w i t h  800  p s i g  C O z 0  
f a c e  a r ea  o f  mercu ry  c o u l d  be  a t t a i n e d  by t h i s  t e c h n i q u e ,  No 
r e c i u c t i o n  p r o d u c t s  were formed o t h e r  t h a n  t h e  small amount o f  
CO i n  t h e  c a r b o n  c a t h o d e  t e s t s ,  

Mercury was 

Dry Aiiialgam C e l l  

s a l t s  a s  e l e c t r o l y t e s  and s i n c e  d r y  amalgam r u n s  had been  made 
u s i n g  Na and K s a l t s ,  L i  SO4 was t e s t e d  i n  a d r y  amalgam c e l l  
i n  r u n  182, The d r y  ama z gam c e l l  w i t h  a L i  SO4 e l e c t r o l y t e  a t  
a mercu ry  c a t h o d e  was t e s t e d  f o r  2 3  h o u r s  a8 0 , l  amp p u l s a t i n g  
c u r r e n t ,  C 0 2  was bubb led  t h r o u g h  t h e  d r y  s e c t i o n  of t h e  c e l l  
which  was f l u s h e d  i n t o  t h e  c a t h o l y t e  b e f o r e  s a m p l i n g ,  The g a s e s  
were c o l l e c t e d  from t h i s  f l u s h i n g  and a n a l y z e d ,  However, t h e  
r e s u l t s  were n e g a t i v e ,  

E a r l y  work i n d i c a t e d  f o r m i c  a c i d  formed r e a d i l y  w i t h  L i  

b lercury and Amalgams as Cathodes  

E a r l y  work w i t h  K2S04 and L i  SO4 a t  a mercu ry  c a t h o d e  r e -  
s u l t e d  i n  t h e  p r o d u c t i o n  of  some gormic  a c i d  by  t h e  d i r e c t  re -  
d u c t i o n  o f  C O 2 .  Run 63  gave  t h i s  r e s u l t . ,  S e v e r a l  r u n s  were 
made i n  o r d e r  t o  o b t a i n  some q u a n t i t a t i v e  r e s u l t s ,  d e t e r m i n e  t h e  
o p e r a t i n g  v a r i a b l e s ,  coulombic  e f f i c i e n c i e s  and  d e t e r m i n e  i f  an 
amalgam i s  n e c e s s a r y  a t  t h e  c a t h o d e  i n  o r d e r  t o  i n i t i a t e  t h e  
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r e d u c t i o n .  
i n  r u n  183 an% y i e l d e d  a coulombic  e f f i c i e n c y  o f  0,8%. 
a n o l y t e  i n  an alumdum cup was 5 %  H SO4 i n  KzS04. 
m e r c u r y  was u s e d  as t h e  c a t h o d e  an2  a cou lombic  e f f i c i e n c y  o f  
1 9 , 8 %  was o b t a i n e d .  Formic a c i d  was p roduced  i n  b o t h  c e l l s  b u t  
o n l y  the amalgam c e l l  ( r u n  183) gave  a t r ace  o f  fo rma ldehyde .  

K SO4 was u s e d  as t h e  e l e c t r o l y t e  a t  a K-Hg c a t h o d e  
The 

I n  r u n  184 

I n  t h i s  s e r i e s  o f  t e s t s  two c e l l s  w i t h  L i  SO4 as t h e  
e l e c t r o l y t e  a t  a mercu ry  c a t h o d e  were a l s o  t e s  8 e d ,  
( r u n s  190-191)  p roduced  f o r m i c  a c i d  b u t  no  fo rma ldehyde  a t  a 
c u r r e n t  d e n s i t y  o f  0.06 amps/cm2. 
H2S04-Li2S04 s o l u t i o n  was used  as t h e  a n o l y t e ,  
c i e n c i e s  were 1 . 6 %  f o r  r u n  191 and  1 . 0 %  f o r  r u n  1 9 0 ,  

Both c e l l s  

Run 191 d i f f e r e d  i n  t h a t  a 5 %  
Coulombic e f f i -  

These t e s t  r e s u l t s  i n d i c a t e  t h a t  an  amalgam a t  t h e  c a t h o d e  
i s  n o t  n e c e s s a r y  t o  i n i t i a t e  t h e  r e d u c t i o n  o f  C 0 2  t o  f o r m i c  a c i d .  
T a b l e  I1 shows a compar i son  of t h e  coulombic  e f f i c i e n c i e s  w i t h  
known c e l l  v a r i a b l e s .  An unknown v a r i a b l e  i n  t h e s e  r u n s  was pH 
of t h e  c e l l  s o l u t i o n s ,  s i n c e  n e u t r a l  s o l u t i o n s  become b a s i c  a t  t h e  
c a t h o d e  and a c i d i c  a t  t h e  anode and s i n c e  v a r i a t i o n s  i n  r e m i x i n g  
a r e  u n a v o i d a b l e .  The e f f e c t  o f  pH on t h e  CO2 r e d u c t i o n  was n o t  
s t u d i e d  and i t  may be  i n  a v a r y  na r row pH r a n g e  i n  w h i c h  r e d u c t i o n  
o f  t h e  CO2 i s  accompl i shed .  

Ion  Exchange blembranes 

I t  was t h o u g h t  f o r m i c  a c i d  migh t  be o x i d i z e d  a t  t h e  anode 
as f a s t  as i t  was b e i n g  formed a t  t h e  c a t h o d e  and p r e v e n t  t h e  
f u r t h e r  r e d u c t i o n  t o  formaldehyde .  A r u n  (188)  was made u s i n g  
t h e  g l a s s  p i p e  c e l l  w i t h  an i o n  exchange  membrane t o  s e p a r a t e  
t h e  a n o l y t e  and c a t h o l y t e .  A m e r c u r y - p o t a s s i u m  amalgam was u s e d  
i n  a s a t u r a t e d  K SO4 e l e c t r o l y t e .  Formic a c i d  was formed a t  t h e  
c a t h o d e  a f t e r  4 - $ / 4  h o u r s  a t  0.5 amps b u t  was n o t  d e t e c t e d  a t  
t h e  anode  u n t i l  4 5  a d d i t i o n a l  h o u r s  o f  e l e c t r o l y s i s  a t  1 . 7  amps. 
The i o n  exchange  membrane was shown t o  b e  e f f e c t i v e  i n  d e l a y i n g  
t h e  t r a n s f e r  of f o r m i c  a c i d  t o  t h e  anode ,  However, r e d u c t i o n  t o  
fo rma ldehyde  was n o t  o b s e r v e d  a t  t h e  c a t h o d e .  

Run 189 c o n t i n u e d  t h e  s e r i e s  w i t h  i o n  exchange  membranes. 
T h i s  c e l l  was s e t  up w i t h  a c a t h o l y t e  o f  5 %  HCOOH i n  s a t u r a t e d  
H2SO4 a t  a K-Hg c a t h o d e .  I t  was t h o u g h t  t h a t  s i n c e  f o r m i c  a c i d  
i s  r e a d i l y  p roduced  i n  s m a l l  q u a n t i t i e s  by t h e  d i r e c t  r e d u c t i o n  
of  CO2 a l a r g e  e x c e s s  o f  f o r m i c  a c i d  would f a c i l i t a t e  t h e  r e -  
d u c t i o n  t o  fo rma ldehyde ,  The make-up f o r  t h e  f o r m i c  a c i d  re -  
duced  t o  fo rma ldehyde  would be by t h e  d i r e c t  C 0 2  r e d u c t i o n .  
Thus,  a two s t e p  r e d u c t i o n  would r e s u l t  i n  t h e  c o n t i n u o u s  f o r -  
m a t i o n  of fo rma ldehyde .  However, upon e l e c t r o l y s i s  t h e  a n o l y t e  
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d i f f u s e d  i n t o  t h e  c a t h o l y t e .  A second  c e l l  was s e t  up  f o r  run  
1 9 7  and  a h e a v i e r  i on -exchange  membrane was u s e d .  Dur ing  t h e  
28 h o u r s  e l e c t r o l y s i s  of a c a t h o l y t e  of 2 %  MCOOM i n  s a t u r a t e d  
K2S04 s o l u t i o n  a t  a Hg c a t h o d e n o s m o s i s  a g a i n  took  p l a c e .  The 
s o l u t i o n s  showed no  fo rma ldehyde  p r o d u c e d ,  

R e d u c t i o n  P romote r s  

S i n c e  e a r l y  work w i t h  r e d u c t i o n  p r o m o t e r s  (Runs 54 ,  65-8,  
88) was n o t  done on c e l l s  found l a t e r  t o  be optimum, r u n s  were 
made i n  t h i s  p e r i o d  on c e l l s  w i t h  mercu ry  e l e c t r o d e s  and  p o t a s -  
s ium s u l f a t e  w i t h  r e d u c t i o n  p romote r s  added .  C o b a l t  a c e t a t e  
was added  t o  t h e  c a t h o l y t e  i n  r u n  2 0 6  and c e r i c  s u l f a t e  i n  run  
2 0 5 .  No b e n e f i c a l  r e s u l t s  were o b s e r v e d a  

SUMMARY AND CONCLUSIONS 

Coulombic e f f i c i e n c i e s  i n  t h e  p r o d u c t i o n  o f  f o r m i c  a c i d  
from c a r b o n  d i o x i d e  were  measured i n  s e v e r a l  p r o m i s i n g  c e l l  com- 
b i n a t i o n s  w i t h  mercu ry  and amalgam c a t h o d e s  and s u l f a t e s  o f  L i  
o r  K a s  e l e c t r o l y t e s  and were found  t o  r u n  as h i g h  as  2 0 %  i n  
one c o m b i n a t i o n  and as low a s  0.16% f o r  one  c e l l  w i t h  a mercu ry  
c a t h o d e  and 0 %  f o r  one w i t h  an amalgam, 

Xo i m p r o v e m e n t  i n  r e u u c t i o r i  was o b t a i n e d  \;it11 u s e  o f  h i g h  
CO2 p r e s s u r e s ,  of  c o n t i n u o u s l y  formed d r y  amalgams. of r e d u c t i o n  
p r o m o t e r s ,  o f  i o n  exchange  membranes, o r  o f  cadmium o r  ca rbon  
c a t h o d e s  

FUTURE WORK 

W i t h  t h e  e x p i r a t i o n  o f  time a l l o t t e d  t o  t h i s  p r o j e c t  e x -  
p i r i n g  A p r i l  3 0 ,  no f u t u r e  e x p e r i m e n t a l  work i s  p l a n n e d .  The 
d a t a  o v e r  t h e  whole p r o j e c t  w i l l  b e  o r g a n i z e d  i n  f i n a l  form and  
a f i n a l  r e p o r t  w r i t t e n ,  


